| INTRODUCTION
Influenza C is often ignored compared with the other human pathogens in the Orthomyxoviridae family (influenza A and influenza B).
With respect to other influenza types, it causes a milder disease with fewer complications and, as it has not been included in routine testing, there is little new information being generated about its impact. In etiologic studies of respiratory illnesses that have included influenza C testing, it usually accounts for a low proportion of acute respiratory pathogens identified. For example, a Canadian study 1 found 2.32% of respiratory samples tested from children identified influenza C, while
| MATERIALS AND METHODS

| Patients and specimens
Human influenza C is not part of routine respiratory virus testing in 
| Virus isolation in cell culture
Isolation of influenza C viruses was performed using Madin-Darby canine kidney (MDCK) cells (ATCC CCL-34) using maintenance media (DMEM Coon's Basal Media containing sodium bicarbonate (3%) with the addition of 2 mmol/L glutamine, 1% non-essential amino acids, 0.05% NaHCO3, 0.02 mol/L HEPES, 4% penicillin and streptomycin, 2 μg/mL amphotericin B and 4 μg/mL trypsin). Samples were incubated for up to 5 days at 33°C without CO 2 , and virus growth was quantified by determining the hemagglutination titer (HA) with 0.5% fowl and turkey RBC. 
| Real-time (RT-PCR) assay
Prior to sequencing or culturing, due to the age of some of the clinical samples, a real-time PCR assay was designed and run so that samples could be retested at the WHO Centre to confirm that viral RNA was still detectable. Primers and a minor groove binding probe were designed using an alignment of influenza C hemagglutinin-ester- 
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| Gene sequencing and phylogenetic analysis
Purified RNA extracted from influenza C-positive samples was amplified using the BIOLINE MYTAQ one-step RT-PCR kit (Bioline, Australia) using in-house-designed HE gene-specific primers supplied by Bioneer (Melbourne, Australia; Table 1 
| RESULTS
| Patient details and initial testing
For the 16 influenza C-positive samples from the SPN(WA) GP surveillance, the age range was 1-40 years with the median age of 22 years (25% male, 75% female), while for the 63 influenza C-positive WAIVE samples the age range was 0.6-5.1 years with a median age of 1.7 year (46% male, 54% female). Note that the WAIVE program only recruits children aged between 6 months and 59 months who attended the Emergency Department or were admitted to the Princess Margaret Hospital, Perth (WA) with an ILI (defined by the presence or history of fever and a respiratory symptom). This study group was therefore made up exclusively of young children and they had higher rates of influenza C than the SPN(WA) group (Table 1) .
During the WAIVE study, the overall prevalence of influenza C cases was 1.6% and varied from 0% (2009) (Table 3 ). The most common multiple infections along with influenza C were with human enteroviruses/ rhinoviruses (13 samples), influenza A (seven samples; four with influenza A H1N1pdm09 and three with influenza A(H3N2)) followed by RSV (six samples) and adenovirus (six samples) ( isolates (using the HE primers and probe as outlined in Table 1 ) ranged from 11.5 to 22.05.
| Sequencing and phylogenetic analysis
Hemagglutinin-esterase-fusion gene sequence was obtained for all samples that yielded influenza C virus isolates. Thirty-five influenza C full HE sequences (28 from Perth/WA and seven from Victoria) and one partial HE sequence from Perth were obtained from the virus isolates.
These sequences were compared with publically available HE sequences from reference viruses including those that represent the six antigenically distinct influenza C groups from recently circulating influenza C viruses (Fig. 1) . The final data set contained 89 HE genes. The maximum likelihood phylogenetic analysis of the HE virus genes from the Australian influenza C isolates showed that they fell into only two of the six reference clades, 2, 8 with the majority of the Perth/WA samples falling into the C/Sao Paulo/378/82-like clade (23/29; 79%) with the remainder (6/29; 21%) falling into the C/Kanagawa/1/76-like clade, while the Victorian samples were evenly distributed in both of these clades (Fig. 1) .
The bootstrap values for all of these clade assignments were high. The WA and Victorian viruses generally grouped most closely with other viruses collected during the same time frame and showed little drift from other influenza C viruses collected elsewhere from earlier time periods.
| DISCUSSION
This is the first report characterizing influenza C viruses obtained from
Australia. Influenza C viruses were detected sporadically in two widely (Table 2 ) there is some indication that they may occur approximately every 2 years, as the influenza C cases detected were the highest in 2010, 2012, and 2014. In Japan, it also appears that influenza C epidemics could be detected every couple of years.
14 Overall, we were moderately successful in isolating influenza C, with 51.5% of original clinical samples yielding isolates. These isolates F I G U R E 1 Phylogenetic analysis of the HE genes from Australian and reference influenza C viruses using the maximum likelihood method with bootstrap values indicated on the branches (n = 1000 replicates). GISAID accession numbers are contained in Table S1 | 461
and 2012 from children of less than 10 years of age. In a Paediatric
Clinic of the University of Milan, a study over 4 years (2008-9 to 2011-2) in children under 15 years of age with influenza C and radiographically confirmed community-acquired pneumonia, five cases were identified with two viruses of the C/Kanagawa/1/76-lineage and three from the C/Sao Paulo/378/82-lineage. 18 Clearly, viruses from these two influenza C lineages have been the dominant clades seen in many countries in recent years even though they appear to have changed very little based on their HE phylogeny, since they were first reported.
Unfortunately, our sample size was not large enough to be able to gain an in depth understanding of influenza C within Australia. Nor can it determine the level of reassortment that has occurred as the six internal genes have yet to be sequenced. However, Odagiri et al. 
